
AO—A069 724 CALIFORNIA UNIV BERKELEY SPACE SCIENCES LAB pm
A STUDY TO RELATE INTERPLAttTARY MASPiTIC FIELD PARAMETERS TO A—ETC(U)
DEC U C 1CN$ . K A ANDERSON Ft9621—76— C—0125

RICLASSIFIED SERIES 20 ISSUEfl AFGL—TR—79—0022 Nt.

A Z  I U
_ U 

_ _ __ _ _ _ _ _ _

i U



1•1 
~~~~~~~~~~~ AFGL -TE . 79-0022

11 A STUI . TOL RELATE INTERPLAN~ ? A R y ’. 
.

.• MAGN~~Ic FIELD PARAMET~~ $ mAUaORA1
k

PHF
~

OMENA
Li ~~ Chhg 4. M.’sg.

Kthaey A. Anderson • . vk .

e’~~ 
Space Sciences Laboratory

~~.
. University of CsilfOrnfa

~~~ ~~Berk.1.y. Cslifonda 94720

-30 Septsntb.r 1978 c~E~
II

-• December 1978

I~ .‘ -

Approved for public rslsu.~ distribution allmitnd.

LIE VOICE OIOPHYIICI LABQRATO*YLIE FO*C~ SYIT~M$ COMMANDUZflFID $TAT *a ?ORCZ.HAMCO$~~~~, MA1 aC1It~ $T~$o~y$~ . . 
-
. ~~~~~~~

•

.

. 
.
~~~~~~~ _(



~~~~ _ _ _ _ _ _ _  — — -  - -  -



~~~~~~~~~~ 2z ~~~47~ T~SECURITY CLASSIFICATION OF THIS PAGE (Wh.n Data Ent.re4)

cI~~
REPORT DOCUMENTA T’10P4 PAGE BEFORE COMPLETING FORM

AT 2. GOVT ACCESSION NO. 3. RECIPIENT’S CATALOG NUMBER~~~~~~~~~ ;n79,
~~~~~ / 

__________
4. TITLE (and SubtitI.) 5 TYPE OF REPORT A PERIOD COVERED

tG 1tè1~tI~’Tht~~~1irfé Final 3/15/76—9/30/78
Magnetic Field Parameters to Auroral
Oval Phenomena ~ 

___

TNOR(a) ~~~~~~~~~~~
hICT OR~~~.t_rF U ER(a

~~~~~~n~~~~A~~~~Ier~~~~~ ~~~~ ~~~~~~8-7 6~C~~~~~fr” L~
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT , PROJECT . TASK

AREA A WORK UNIT NUMBERS
Space Sciences Laboratory -

University of California e”~~ ~ .7Berkeley , California 94720 7663
II. CONTROL LING OFFICE NAME AND ADDRESS ~~ REPO~~T 2AT E

Air Force Geophysics Laboratory JDec 78 /
Hanscom AFB , Massachusetts 01731 II.

Monitor/B. S. Dandeker/PHI h~5~P.1 ‘

~~
II. MONITORING AGENCY NAME & ADORESSO I d lff . r . n t from Controlling OWe.) . ,. , _ j t d i çurllffir.portj

Unclassified

IS.~ OECL ASS IFICATI ON/OOW NGRAO ING
SCHEDULE

IS. DISTRIBUTION STATEMENT (of flu. R.port) 
—

Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of II,. ab.t ract .nt.r.d In Block 20. If dIll.rau l f ro m R.porl)

IS. S U P P L E M E N T A R Y  NOTES

IL K E Y WORDS (Canilnu. on r.v .r.a aid. if n.c...ary and Id.ntlfy by block nua,b.r)

Auroral oval , Magnetosphere , Interplanetary Magnetic Field,
Magnetospher ic Subs torm

/
20. ABSTRACT (Co&lnu. on re~vs,.. aI d.  If n.c.aaary aid I d . n t if y  by blo~~ .i uu,b.r) j

V Lo1
~ 

7I~i .~s ~~~
‘
pc~

This report consists of two parts. The first ~Ii~~ suininarizes the major
results 4a—the~study of auroral oval phenomena and in~erp1anetary magnetic
fi.ld.J~~p~!~

tea by this~~~~~~ict. These results can be grouped under 8
categoriea i~~~~~~oYtPd—4*-$ -..i.m t~f4e papers which are published or

~~~-~~1read~~accepted for publication by referred international j ournaII.~~ The
~~~~~~~~~~~~~ —~~iicond par~ .—.--pie.setet4e*--ef the up—dated understand ing on the auroral

oval phenomena and their relation with the interplanetary magnetic field ,

DO I JAN 71 1473,4- EDITION OF I NOV 65 5 OBSOLETE UNCLASSIFIED 
V

— 

.,*. .-, ,.. a v- I? W 

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I’

_________________  ______  _______  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~



_ _ _ _ _ _ _ _  - 
~
—-—— —-----—w- . -,.---

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -- -. -~~~~~~~~~ 
-

u.~s~ .a.d4tuJ .)
~~. ......U

~~~CURITY CI..AUIFICATION OF 1141$ PAOI(IPhai DaM Inl.r.d)

C 
~~

— - 

It was based ~on an invited ta1k~given~~~ui~~’M~ ?ican Geophysical Union
Chapman Conference on 4Nagnetoapheric Substorms a Related Plasma
Processes~~ se44 at Los Alamos, —October 9—13)) 1978. t reviews research
involved with direct and inferred determinations of the polar cap size
and location, as well as their relationships with the interplanetary
magnetic field. First, the progress in the observation and understanding
of polar cap size variations as related to changes of the interplanetary
magnetic field magnitude and direction is reported. Obtained by scaling
the global auroral distributions from DMSP auroral pictures, some new
results on configurational changes of the auroral oval (i.e., the polar
cap) with different orientations of the interplanetary magnetic field
are also discussed. There are indications of the dawn—dusk and sunvard—
tailward displacemants of the a~~p~al oval in association with the
interplanetary magnetic field B and~~~~~omponents, respectively. It
is obvious from this review tha tter understanding of the inter-
action between the terrestrial m gnetospher’e and the interplanetary
magnetic field requires further fforts , both observational and theoret-
ical.

~~
~~ ~~~~~~~~~~ y ~~~y~ C1 ~~~~~ x

1
~ —4.

4 \ ~~~~~~~j ’ iC~~ ’~’ — —- — 1
~. ~.4 ..,

. - -——.-——-—- I
\--~~ 

-
,
. .

.
-

~ 

- .

,.

I ~~~ ~~

t~~~t 

~~~~~~~~~ 
\

UNClASSIFIED
SICUNI~~Y CLASIIPICATIOI OP ?u’ PAGI(WIISII OaM Inl.PS ~~

•1 

______________________________________________________________ __________________________________________________________________________

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~



• . 
_

TABLE OF CONTENTS

Page

Introduction . . . . . . . . . . . . , . . , . , . . . . . ~ , , ~ . q 5

• Results. . . . . . . . . , , a • a a 4 4 ~ , , . , , , 
~ , 6

• (1) Auroral Circie a a . ~~~~~a 4 4 S a 4 4 e 4 4 l 4 s ’ I 4  6

• (2) Entry of Interplanetary Low Energy Electrons Over

• the Polar Cap . . . • ,  • • •  . . , , .  , . , , . ,q •  9

(3) Interplanetary Magnetic Field Effec t On The Low—

Energy Solar Electron Entry . , , , ~ . , . , , . , . 13

(4) Electron Precipitations and Auroras . , . . . , . . . ~ . 15

Review of the Polar Cap Variations and the Interplanetary Magnetic

Field . . . . . . . . . . . . a • . • • • . a • a . • • a • • a 17

• (I) Introduction . . . . . .. . . . . . . . ae . s , a a . 1 9

(II) Dayside Variations . .  ‘ ‘ ‘ 4 . . . . . .  s . . .  ‘ ‘. 2 1

(III) Substorm Effects on the Polar Cusp Latitude . , • • , . • 24

(IV) Motions of the Polar Cusp . a • , s . . a a ’  • , ~~~~~, .  .26

(V) Effects of Nightside Aurora]. Oval . . . . , . . , . , 28

(VI) DMSP Aurora]. Ova]. Observations . • , , , , , , , 30

(Vii) Effects of the B~
, B Components . . a • • a • . 32

~ (VIII) Si,~~ ary . . . a . a a . • a a • . a • a a , a a . a 34

References . . . . a a • . a , . , . . . , . . . . , . . , , . , 38

Figure Captions . . . . . . . . . . . . . . . . . . a a • • • . 40

Figures . . a • • • . . • a , , . • . . . , . , 4 , , , . . . . 44

Publications List . . , . . . . , . , a ~ • • . , • • , , a a • I a • 63

I .

- ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~ z — ~~~~~-—~~~~~_ —

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- • - -— —.~,--,-••—-—.



INTRODUCTION

The behavior of high latitude ionosphere is closely related to

the morphology of the auroral oval. The auroral oval encircles the

- 
the polar cap, which is the region of open geomagnetic field lines.

The interplanetary magnetic field (1MF) lines would have an easy

access to this region. The merging processes would also control

the size and shape of the auroral oval. Thus the morphology of

the auroral oval has to deal with the study of the IMF~ the polar

cap and the auroral oval. The study presented here is based mainly

on the observations from the Defense Meteorological Satellite

Program (DMSP).

Some of the important results are: (a) T~ie auroral oval is

mathematically represented by a circle with its center offset from

• the corrected geomagnetic (CG ) pole and the radius dependent on

the level of magnetic activity. (b) The flux of soft electrons

over the north and south polar caps shows asymmetry and is related

to the orientation of’ the IMF, (c) The low energy electron

precipitation of the polar cap electrons show opposite gradients

over the north and south polar caps. The gradients depends on the

B~ component of the TMF . (d) The direct dumping of plasma sheet electrons,

produce diffuse aurora, whereas the electrons responsible for the

polar cap aurora are plasma sheet electrons passing through

the acceleration region located between the equatorial plasma

sheet and the polar atmosphere.
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RESULTS

(1) Aurora]. Circle

In 1975, Noia~orth wid ?4eng (Gaophya. Ree. Lett., p. 377,
2975)  introduced a curve—fitting technique for the mathematical expression
of the global aurora]. distribution. It is found that the poleward boundary

of the Peldstein—Starkov statistical aurora]. oval can be represented by an

off—center circle in dipole magnetic local time coordinates. By applying

this analysis to the quiet bright aurora]. arc (or arcs) extending over

many magnetic local time hours, recorded by the DMSP aurora]. images, we

found that an off—center circle (i.e., the simplest second—order curve) is

a best fit to the auroral distribution within ± 0.5’ accuracy in latitude.

Several different methods were used to verify this circular nature. Thus,

the instantaneous distribution of auroral arcs which delineate the pole—

ward boundary of the aurora]. oval has a shape of a circle. Figure 1. 11—

lustrates the auroral distribution represented by a circle centered at

3.93’ away from the dipole pole along the 2230 MLT meridian with a radius

of 18.6’. The observed aurora is shown by small open circles, the dif-

ference between the observed arc location and the calculated circle has

• an average of only 0.20’ ± 0.15 in latitude.

The distribution of centers of the aurora]. circles is
generally concentrated within a circular area of 3’ radius centered

at 4.2’ away from the geomagnetic pole toward the 0015 MLT meridian

as shown in Figure 2. The radiuc of auroral circles varies over a

rang. of about ± 5 with respect to the average radius of — 19 .

• Without photographs of complete global auroral distribution

vs cannot prow, definitely that the instantaneous distribution of quiet

bright aurora]. arcs can be approximated well by a circle. However, the

circular fitting to the observed aurora]. arc can provid e an upper limit

to the skewness of the auroral oval from a circle. Based on these

obasrvations, it may be proper to introduce the term ‘aurora]. circle ’ to

represent the distribution of quiet bright aurora]. arcs which delineate

the pol.vard boundary of the auroral oval.
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(2) Entry of interplanetary low energy electrons over the

polar cap.

The observations made by the low—energy electron detector
• aboard the DMSP 32 satellite have revealed that the polar cap regions

sometimes were bombarded by intense low—energy electron fluxes, between

200 eV and a few keV , with an integrated energy flux (200 eV to 20 keV)
• up to about 10~’ erg/cm 2s Sr. The precipitation differential flux at

200 eV can be more than i08 el/cm 2s sr keV with a rather uniform spatial
distribution over the entire polar cap region, The occurrence of this

particular type of intense polar cap precipitation is closely associated

with geomagnetic storm activity. It is also noticed that the intensity

of electron fluxes was not the same over northern and southern polar caps

and that the difference can be more than two orders of magnitude; namely,

one polar cap was fully bombarded by intense fluxes while the other was
at the quiet time noise level . The spectra of these electrons do not
have a typical form; sometimes it can be approximated by a power law with

a spectral index between about —1 .5 and —3, and other times the power law

assunption is a poor one. In general, the observed spectra are similar

over the entire polar cap, even though distinctly different spectra were

• sometimes detected over the morningside and eveningside of the polar cap.

The observation of intense polar cap low—energy electron

precipitation confirms the finding by Winningham and Heikkila (J. Geophys.

Roe., ?9~ 1974) who referred to it as polar rain. The uniform spatial

distribution over the polar cap and the observed asymmetric northern—

southern hemispheric distribution are very similar to the spatial char-

acteristics of the energetic solar electron events detected over the

polar region. The lower fluxes are soft electron polar cap precipitations

and the magnetotail lobe observed during relatively quiet times are found

to have a north—south asymmetry and also to be closely associated with the

interplanetary (i.e., solar) low—energy electrons. It is important to

determine the source of the observed intense polar cap low—energy electrons.

We have compared variations of the 200 eV flux with variations of the solar

flare energetic electron fluxes in the interplanetary space and the magneto—

tail observed by the Johns Hopkins University Applied Physics Laboratory

“~periinents on IHP—7 and IMP—8 during the same time period . No relation

• 
• 

• • •



can be found between low—energy electron fluxes of the polar cap and the

flux of energetic solar flare electrons in interplanetary space. Thus,

the low—energy electrons over the polar cap reported cannot be attributed

to the low-energy tail portion of the well—known energetic solar flare

electrons.

The intensity of low—energy solar electron fluxes in inter-

planetary space is known to vary with solar activity ; thus, the intense
polar cap precipitation detected may be attributed to the entry of these

low—energy solar electrons, and the intensity variation from the quiet

time values may reflect the temporal variation of the low—energy solar

electrons in interplanetary space. It has been shown that the azimuthal

direction of the interplanetary magnetic field controls the entry of

interplanetary particles into the north or south magnetotail lobe and the

polar cap. Since the actual IMP measurements during this period are not

available to us, we have shown the inferred polarity of IMP in Figures 3
for comparison. It can be seen that the intense northern polar cap events were

associated with the IMP direction away from the sun. This relationship

strengthens the suggested solar origin of these low—energy electrons over

the polar cap. The occurrence of polar cap intense low—energy electron

events may result from the solar wind electron variation. The apparent

relationship between storms and the polar cap events may merely be two
• independent consequences of solar activity. In order to understand the

entry of the low—energy electrons into the magnetosphere, simultaneous

measurements in the polar cap, the high—latitude magnetotail, and inter-

planetary space are necessary; unfortunately, these data are not available

at this time.

On the eveningside of the polar cap, a gap without significant

low—energy electron fluxes between the polar cap precipitation region and

the auroral precipitation belt was always observed, but its location and

width change significantly from one orbit to another , If the source of

the intense low—energy electron fluxes over the polar cap is indeed of

interplanetary origin, the region where the intense fluxes of these elec-

trons was observed corresponds to the “open” field line region; the geo-

magnetic field lines from this region are connected with the interplanetary

magnetic field lines. Thus, these solar origin electrons can be used as a

tracer to study the magnetospheric configuration. The existence of this

gap, which was also seen in ISIS—]. data indicates that the equatorward

~~ ~~~~T~~~~~~~~~~
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boundary of the open field line region is not immediately adjacent to the
poleward edge of the auroral precipitation from the plasma sheet. The

separation of equatorward boundary of the polar cap electrons and the

poleward boundary of auroral electrons implies that there is a region in

the magnetotail between the high—latitude tail lobe (namely, the open geo-

magnetic field line region) and the plasma sheet. It is also possible that

the precipitation of discrete auroras seen at the poleward boundary of the

auroral oval does not occur from the boundary of the plasma shi..et but from

a little inside the plasma sheet, at least on the eveningside. The varia-

tion of the gap width (from 2.5° to 0.2° in latitude) can be interpreted

as the expansion of the ‘activated ’ region inside the plasma sheet associ-

ated with auroral activity. The location (i.e. , latitude) of the equator—

ward boundary of the low—energy polar cap electron precipitation also

changes drastically. If this equatorward edge of the polar cap precipita—
• tion region indeed delineates the boundary of the open field lines, the

10 latitudinal change observed represents the number of opened fluxes
varying by about 70 to 80Z, which should correspond to a drastic dynamic

change of the magnetospheric configuration . Thus , the uniform low—energy
electron precipitation (i.e., polar rain) over the polar cap can also be

used to study the configuration and dynamics of the magnetosphere. The

equatorward cutoff of the polar cap solar particle fluxes has already been

observed at higher energies, usually above 100 keV to more than a few MeV, for

both electrons and protons. However, the depressed flux region between the

polar cap equatorial boundary and the outer radiation zone of the energetic

particle observations is not the same as the flux gap between the polar cap

flux and the auroral electron flux reported here. Without a doubt the

equatorward cutoff of polar plateau solar particle fluxes is an indication

of the last open field line , regardless of whether it was determined from
200 eV electrons or 400 keV electrons. But, the gap below it has a different

meaning at a different energy. For se”eral hundred keV electrons this gap

is the quasi—trapping region of the magnetosphere above the outer electron

zone, whereas for low—energy keV electrons it separates the last open field

line and the poleward boundary of the auroral electron acceleration region

(i.e., associated with the plasma sheet particles in the magnetotail). Thus,

the energetic electron measurement is idea: for studying the configuration of

the magnetosphere, while the low—energy electron measurement is excellent for

examining the dynamics of the magnetotail.

p 
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The distribution of low—energy flux over the polar cap is

not exactly uniform; usually a statistically meaningful difference in

• intensity was observed between the morningside and eveningside of the

polar cap. During intense events examined here, over the northern polar

• cap, the f luxes were higher over the dawnside than over the dusks tde.

Whether this dawn—dusk asymmetry of the fluxes can be explained by

• the asymmetric electric field configuration in an open magnetospheric

model associated with differer~t interplanetary magnetic field orienta-

tions, is not clear because of the lack of simultaneous Interplanetary

magnetic field information and the physical processes between asymmetric

polar cap electric fields and the low—energy electrons over the polar

cap.

(3) Interplanetary Magnetic Field Effect on the Low—Energy

Solar Electron Entry

The low—energy electron observations made over the polar cap

by the polar—crbiting DMSP 32 satellite at approximately 840—kin altitude

revealed an asymmetric intensity distribtuion of the low—energy clectron

(< 1 keV) precipitation in the dawn—dusk direction as shown in Figure 4.

The direction of the gradient in the northern polar cap is opposite to

that of the southern polar cap . It is found that the gradient direction

depends on the B component of the 11W. For a positive IMP value the

intensity of the precipitation decreases from the morning sector to the

evening sector over the northern polar cap and from the dusk sector to the

dawn sector over the southern polar cap; for a negative IMF B~ value the
decrease is from the dusk sector to the dawn sector over the northern polar

• cap and from the dawn sector to the dusk Sector over the southern polar cap.

Recent satellite observations cited earlier show that the
polar cap regions are constantly bombarded by low—energy electrons an~
suggest that they are interplanetary electrons which have gained direct

access to the polar cap. The present analysis reveals that these electrons

are not precipitated uniformly over the polar cap, even though they do have

a rather smooth distribution. If the electrons are indeed of interplanetary

origin, this asymmetric precipitation indicates a nonuniform entry and/or

transport of particles in the dawn—dusk direction with processes related to

• - — • • 
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the ~~ B component. In this respect it is interesting to point out that

there is a striking similarity between the precipitation pattern of the

low—energy electrons and the electric field distribution along the dawn—

dusk meridian. The OGO—6 electric field (the dawn—dusk component) mea-

surements over the polar region revealed a similar dawn—dusk asymmetric
distribution of the field magnitude , which is controlled by the I}~
component. The dawn—dusk gradient of the magnitude of the electric field

reversed between the two polar caps, and there is a correlation, similar

to the electron precipitation, between the direction of the gradient of

the electric field magnitude and the azimuthal angle of the fliP. Further,

in the distant magnetotail at lunar orbit, an asymmetry of the occurrence

of the lobe plasma controlled by the IMP B component was found .

Therefore, a higher intensity of the low—energy electron flux
over the polar cap is associated with a faster convection velocity from

the dayside to the nightside. The pattern of the dawn—dusk gradient of

the electron flux varies from one crossing to another, but in general it

always has a simple monotonic change, as illustrated examples indicate.

The magnitude of this gradient also changes from time to time; the differ-

ence in intensity of the electron flux can be from 1 order of magnitude to

almost nothing between dawn and dusk edges of the polar cap. It is of great

interest to compare the polar cap electron flux with the simultaneous polar

cap electric field and convection for a better understanding of this dawn—
dusk asymmetric low—energy electron precipitation over the polar cap.

(4) Electron Precipitations and Auroras

• Many significant results of auroral physics were obtained from

studying the simultaneous DMSP auroral images and the low—energy electron

observation. Four papers on this subject are published or in press (see

publication list). The following is a very brief summary of these results

and details can be found in original publications.

Polar auroras have two distinct forms. Discrete auroras are

distributed along the poleward half of the auroral oval and over the polar

cap regions. Diffuse auroras, a widespread smooth luminosity, constitute

the optical emission background of the auroral oval and also extend along

the morning side of the auroral zone. Two distinct auroral electron pre—

cipitations correspond to the above two forms of auroras. The spatially

-r -~~~ ~~
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narrow—intense precipitation bands with the spectral peak between a few
keY to several keV produce the discrete auroras and the extended uniform
precipitations with a near Maxwellian spectral distribution for the diffuse

auroras. The intensity of these precipitations increases with the geomag-

netic activity. During quiet conditions, the discrete auroral electrons

have a total energy flux of a few erg cm 2s~~sr~~ and the spectral peak is

near 3 keV. During active times, their energy fluxes increase to tens of

erg cm 2s 1sr 1 or more and the spectral peak moves to near 10 key or higher.

The precipitated energy flux of diffuse auroras is only a fraction of one

erg cm 2s ‘sr ’ during geomagnetically quiet times and increases to at least

a few erg cm 2s~~sr~~ during the active time. The spectral hardness of the

diffuse aurora also correlates with the geomagnetic activity.

The plasma sheet electrons provide the source for the precip—

itated auroral electrons. The diffuse auroras are produced by the direct

dumping of the trapped plasma sheet electrons, and the strong pitch angle

diffusion is the most likely mechanism to scatter the trapped plasma sheet
electrons, and sometimes also the energetic electrons, into the atmospheric

loss cone. The cyclotron resonance with electrostatic waves above the

local electron cycletron frequency is believed to be the pitch angle scat—

tering mechanism. The frequently observed soft equatorial edge of the dif-

fuse aurora is likely to be the atmospheric projection of the soft earth-

ward plasma sheet boundary . The discrete auroras are also caused by elec-
trons from the plasma sheet, but they have to pass through the particle

acceleration region located between the equatorial plasma sheet and the

polar atmosphere. The recent rocket and satellite observations of the

particle characteristics, magnetic and electric field variations in the

discrete auroral region reveal that intense parallel electric fields exist

at relatively low altitudes within about l0~ Imi aboye the Earth’s surface.

The potential drop of this upward pointing parallel electric field is

generally in the range of a few keV. This electric field produces the

observed monoenergetic spectral peak in the differential electron spectra

and also accelerates ionospheric ions upward into the magnetosphere.

Below this potential drop, the inverted ‘Vt structure appears and a dis-
crete aurora is observed. How this parallel electric field is created

above the auroral region is not clear yet. Plasma diagnostics are needed

in the region of the parallel electric field in order to understand the

physical processes involved in its generation,

p
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ABSTRACT

Thi, paper reviews research involved with direct and inferred
d*tsrminat ions of the polar cap size and location , as well as their rela—
tic~sMps with the interplanetary magnetic field. “Polar cap” is defined
here as the region of open geomagnetic field lines encircled by the aurora l
oval. The first part of the paper reports the progress in the observa t ion
and under standing of polar cap size variations as related to changes of the
interplaneta ry magnetic field magnitude and direction . Obtained by scaling
the global auroral distributions from DMSP auroral pictures , some new
results on configuration al changes of the aurora l oval (i.e., the polar cap)
wit h different orientations of the interplaneta ry magnetic field are also
discussed . There are indications of the dawn—dusk and sunward—tailwa rd
displacements of the auroral oval in association with the interplanetary
magnetic field and B

~ components , respectively . It is obvious from this
review that a better understanding of the interac tion between the terrestrial
magnetosphere and the interplaneta ry magnetic field requires further efforts ,
both observationa l and theoretical.

-~~~~~~~~~~
--

~~~~~~~~~~~~~
- 
_ _  _ _ _  -s—-



- .. __.~~ • ~

-

~

-
-
---- 

_ _ _ _ _ _ _

• —19 —

I. fl~ RODUCTION

• In the past twenty years, various types of satellite observations

have revealed that the earth’s magnetosphere is open: namely that geomagnetic
field lines from the polar cap regions extend Into interplanetary space and
connect with the magnetic field lines of solar origin. Variations of the

molar wind and the interplanetary magnetic f ield will undoubtedly a f fec t  the
configuration of the terrestrial magnetosphere. Associated with an increase

of the solar wind dynamic pressure, compression of the dayside magnetosphere

and the magnetotail has been detected . The location of the siagnetopause can

be accurately determined from tnagnetohydrodyn.amics by balancing the solar wind
dynamic pressure in the interplanetary space with the magnetic pressure of

the geomagnetic field inside the magnetosphere. However, responses of the

terrestrial magnetosphere to variations of the interplanetary magnetic field

are far from clear, and the importance of the interplanetary magnetic field in
the solar—terrestrial interaction, especially in the energy coupling, has been

Just recently recognized .

One of the possible processes of the energy transfer from the solar
wind into the magnetosphere to produce the niagnetospheric substorm is the
field line merging between the interplanetary magnetic field and the geo-
magnetic field . The dayside northward direc ted closed geomagnetic field
lines near the magnetopause can be eroded away by a southward directed inter—

planetary magnetic field (i.e., the geomagnetic field lines are opened by and

connected with the interplanetary field lines); and consequently the dayside
magnetopause moves earthward (see Russell, 1979 in this issue for review) . Due

to the “frozen—in ” condition between the interplanetary field and the solar

wind, the antisunward motion of the solar wind carries the newly merged geo-

magnetic field lines from the dayside magnetosphere (or the magnetosheath)

across the polar cap into the magnetotail. Associated with this so—called

“magnetic flux transfer” process , one of the expected configurational responses

of the magnetosphere is the change in the polar cap size which is controlled by

the number of open geomagnetic field lines. The polar cap is defined as the

area bounded by the auroral oval, and the bundle of the geomagnetic field lines

originating in the polar cap is connected (i.e., open) to the interplanetary

magnetic field of the solar origin. The purpose of this paper is to report the

P&.~.a eSS in the observation and understanding of the polar cap size variation
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with changes. of the interplanetar y magnetic field and some new r .aulta on

cssfigurational changes of the auroral oval (i.e., the polar cap) with

the differ nt orientation of the interplanetary magnetic field are also

discussed.
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II. DA!ST.DE VAR IATIONS

The polar cusp at high altitude and the dayside auroral oval in the
polar Ionosphere are the boundaries delineating the last closed field lines
from the region of open geomagnetic lines. Thus, the effect of the earth—

• ward motion of the dayside magnetopause during the southward turning of the

interplanetary magnetic field is seen as the equatorward movements of the
• polar cusp and of the dayside auroral oval . Their locations can be determined

from the particle measurements of polar orbiting satellites or from the optical
auroral observations and ionosonde data by using the ground—based or airborne

instruments.

The first report of the possible polar cusp motions responding to

the changes of the north—south component of the interplanetary magnetic field
was made by Russell et al. (1971) . Based on the characteristics of particles
and fields observed by the OGO—5 satellite in the dayside magnetosphere at
mid—altitude (-. 2.6 to 6 Re) , these authors identified the polar cusp region
and compared Its spatial location with simultaneous variations of the north—
south component of the interplanetary magnetic field . It was concluded that
the multiple detection of the identified cusp region along the OCO—5 trajectory

appeared to be the effect of the interplanetary magnetic field , and also that

the mid—altitude polar cusp moved equatorward or poleward when the interplanetary

magnetic field turned southward or northward, respectively. The most convinc-

ing evidence of the polar cusp movements, however, comes from a statistical
study of the location of the polar cusp electron precipitation measured by the
low altitude polar orbiting satellite, OGO—4. Burch (1972) found that the
equatorial boundary of the polar cusp moves equatorward several degrees in

latitude during periods of the southward interplanetary magnetic field. In

Figure 1, the ordinate Mt is the difference between the observed and the ex-

pected invariant latitudes of the polar cusp boundary; the abscissa is the

time delay between the sharp onset of the southward turning of the interplanetary

magnetic field and the polar cusp observation, It is evident here that the

.quatorward motion of the polar cusp occurs during the southward interplanetary

magnetic field and the polar cusp location is at progressively lover latitudes

after a shar p southward turning of the interplanetary magnetic field • The slope

of the linear regression line fitted to the data points reveals tha t the polar

cusp moves gradually equatorward with a speed of approximately 0.1° per minute.

These results are interpreted as a direct evidence for gradual erosion of dayside

p
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geomagnetic field lines by the southward interplanetary magnetic field. As

the field line merging plays an important role in the energy transfer from
the solar wind to the magnetosphere, the magnitude of the southward component

of the interplanetary magnetic field may be related to the efficiency of ero-
sion of the dayside geomagnetic field . A quantitative relationship between
the magnitude of the southward field and the latitude of the polar cusp loca—
Uon was observed by Burch (1973) from 54 OGO—4 polar cusp crossings (Figure
2). The invariant latitude of the polar cusp is the ordinate and the 45 min-
ute—avera ge magnitude of the north—south (Ba) component prior to the polar
cusp crossing forms the horizontal axis. Both the poleward (open circles) and
the equator-ward (solid circles) boundaries of the polar cusp region are related
to the 8~ component , and the curves are the least—square quadratic fit  to the
data (A 80.3” + 0.76 B~ — 0.03 B~

2 for the polevard boundary and A — 75.5°

+ 0.53 a~ — 0.05 B
~

2 for the equatorial boundary) . A systematic lowering of
the polar cusp was observed in conjunction with the decreasing B~ (i.e., the
increase of the southward interplanetary magnetic field) , The equatorial
boundary shifted by almost 5° from Bz — Oy to B~ 

— —6y but only by 0.50 for

changes from B, — 6y to B~ 2y. The poleward boundary of the polar cusp

responded almost linearly to B
~ 

and moved equatorward by approximately 8°

from B~ 5y to B~ — —5y. The diagram also illustrates that the width of

the polar cusp region increases with increasing Bz magnitude; the cusp is

about 40 wide in latitude during southward interplanetary magnetic field

and 7’ wide during strong northward fields. This statistical study reveals

the predictability of the latitudinal position of the polar cusp region

under known interplanetary magnetic field condition. The above two pioneer

works on the polar cusp variation set up the scenario for studying the
effect of the interplanetary magnetic field to the polar cap regions.

The midday part of the auroral oval is locited near the foot of
the field lines threading the high altitude polar cusp (i.e., the cleft) near

the magnetopause (Heikki ta and Wi nninghwn, 1971; Frank, 1971) . The extent of

the equatorward motion of the midday aurora can be used as a measure of the

amount of the magnetic flux transferred from the dayside magnetosphere into

the magnetotail by a southward directed interplanetary magnetic field. The

polar orbiting USAP DMSP satellites have made routine observations of the
global cur-oral distribution since 1973, and the dayside auroral ova], over the

southern polar region is recorded dur ing the southern winter months (Akaeof ~c,
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2976) . It was found that continuous discrete aurora l arcs extending toward
the noon sector from both morning and afternoon sectors of the auroral oval
abruptly truncate in the midday sector. Thus, the instantaneous optical

curoral oval does not appear to extend continuously across the dayside auroral

• oval (Snyder and Akasofu, 1976; Cogger et al., 1977; and Dandekar and Pike,
1978) . Figure 3 illustrates an example of this gap along the midday auroral
oval . The latitudinal position of the midday auroral oval can be inferred

from the location of this midday auroral gap, even though the detailed rela-
tionship between the auroral gap and the polar cusp region is not yet clear.
From more than one hundred orbits of dayside auroral observations, Dandekar

(2979) f ound that the average position of the midday auroral gap is at 75.4°

± 1.70 corrected geomagnetic latitude, and that individual gap locations
have a significant depend ence on the magnitude of the north—south component
of the interplanetary magnetic field, as demonstrated in Figure 4, The hourly
average value of the interplanetary B~ component observed 45 minutes before

the auroral observation was used to correlate with the auroral gap latitude,
and the least square linear f i t  for the —B~ domain is rep resented by the line

A — 76.]? + 0.59 B~ with a correlation coefficient of only 0.59. A general

trend of equatorial motion of the dayside auroral gap with southward inter-

planetary magnetic field is observed, but with substantial scatter of the

individual shift  of about 0.60 per each ga na of the southward interplanetary

magnetic field obtained from the dayside auroral gap agrees with the OGO—4

cusp particle precipitation measurements. This large scattering is likely

due to the effect of magnetospheric substorm activity, as well as the

utilization of the hourly average of B~ 
at 45 minutes before the dayside

cur-oral observation.

- --.--~~~—--  -
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III. SUBSTORN EFFECTS ON THE POLAR CUSP LATITUDE

The equator-ward shifts of the dayside auroral and cusp regions in
association with magnetospheric substorm s have been established by a number
of statistical studies (Fe ldetein, 1973; Chubb and Hicks, 1970; Burah, 1970;
Hoff bbzr, 1972; Winninghzn, 1972; Mt,Ditzrmid et cii., 1972; and others) . Thus,
it is important to separate the effects of the substorm activity from the
ef f ects of the interplanetary magnetic field on the latitudinal variations
of the polar cusp and the auroral oval. r~~uhara et al. (1973) examined

the position of the polar cusp using consecutive ISIS—l satellite orbits
and simultaneous interplanetary magnetic field and substorm activity as

represented by AE index. They found that the polar cusp (i.e., the dayside
auroral oval) shifts equator-ward as the interplanetary B~ component turns

southward and the substorin activity increases, and shifts poleward as substorm

activity subsides and Bz returns northward. As illustrated in Figure 5, the

shifts take place on a time scale less than the ]. to 2 hours of the satellite’s
orbital period.

A more conclusive study revealing separate controls of the polar

cusp position by the interplanetary magnetic field and by the substorm was
— - conducted by X~ ride et al. (1976) . By reexamining the equatorial edge of

the polar cusp observed by OGO—4 , a latitudinal differenc e between the polar
cusp location during the geomagnetically quiet periods and tha t during the
magnetospheric substorm was found. In Figure 6, most of the crossings
detected during substorms lie below those during quiet times , regardless of
the magnitude of the interplanetary B

~ 
component. Therefore , the southward

interplanetary magnetic field causes an equatorward movement of the polar- cusp
region, and the occurrence of magnetospheric substorms adds a noticeable
further contribution to the equator-ward s h if t .  The substorin—caused equatorial
motion of the polar cusp is consistent with the equator-ward drif t of the midday
aurora during the expansive phase of substorins observed from the South Pole

station (Akasofu, 1972) . It has generally been thought tha t the substorm is
a manifestation of a suddenly—enhanc ed reconnection of magnetic flux in the
magnetotail to convert open geomagnetic field lines into closed f ield lines
returning to the dayside magnetosphere. Thu s, during substorm s the number of
open geomagnetic field lines from the polar cap should be reduced and a pole—
ward motion of the polar cusp (i.e., the dayside auroral oval) is expected.

p.
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It is Important to point out that the observed equator-ward displacement 
t

of the polar cusp and the midday aurora do not seem to agree with this

popular concept of the magnetospheric substorm (Akasofu , 197?) .
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IV • MOTIONS OF THE POLAR CUSP

The changes of the cusp position can be determined statistically
by one point measurements using the polar orbiting satellite observations,

but the actual “motions”, response time and velocity of the polar cusp require
a continuous monitoring. The projection of the polar cusp upon the polar
ionosphere can be easily monitored by suitably located all—sky cameras and

ionosondes as the dayside aurora]. oval and the F layer irregularity zone ,
respectively (Winninghoin et al. , 1973; Pike, 1971, 1972) . Pike et al. (1974)

compared air-borne observations of the equatorward boundary of the F layer
irregularity zone and discrete auroras obtained by the AFGL flying ionospheric
laboratory with the corresponding interplanetary magnetic field. It was found

that midday auroras and the equator-ward boundary of the F layer irregularity

zone moved equator-ward about 10—30 minutes after a southward turning of the

Interplanetary magnetic field and moved poleward about 15—50 minutes after a
- northward turning of the field . Figure 7 illustrates the events observed

on December 21, 1968.

From the ground—ba sed all—sky camera data at the South Pole Station
(geomagnetic latitude of —74° ) ,  which is under the midday part of the aurora].

• oval near 16 UT each day, Hoz~ itz and Akasofu (1977) r epor ted that within

10—15 minutes after a sharp southward (or northward) change of the inter-
planetary magnetic field , the dayside auroral oval moves equator-ward (or pole—

ward) as shown in Figur e 8. It is interesting to note that even the fine

fluctuations of the interplanetary field are reflected by the motions of

the discrete auroras. The motion of the midday auroral oval can be used to

calculate the uiagnetospher-i.c response to the B~ variations by assuming an
approx imately exponential response which is represented by the equation

1(t) - + (X~ - Xf) e th

where t is the time after- the initial response of the aurora to the change in

the interplanetary field, X(t) is the latitude of the aurora at time t , X~ and
are the initial and final, latitudes of the aurora, and ‘r is the time con—

øtant for exponential response, The curve fitting procedure, as shown in

Figure 9, indicates that the average exponen t ial time constant is about 17
minutes. 
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0n~ the other hand, the motion of the polar cusp region examined
from the ground—based observations does not always show a simple polar cusp

variation with a change of the interplanetary magnetic field. From a study

of 5 days of ionogram data from two high latitude stations near or under

the polar cusp, Stiles et ai. (1977) found that the ionospheric manifestation

of the cusp is very complex and dynamic. No clear relation between the

position of the polar cusp and the direction of the interplanetary magnetic

field was obtained in these 5 days of observations. Events both agreeing

with and contrary to the earlier conclusions were detected.

• 

S 

•

• 

S

.- 

• 

• •-— - —~~~~~~~—~~~ ~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~ 

j

~ 

—



- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

— 2 8 —

V. EFFECTS OF NIGHTSIDE AURORAL OVAL

The observation of an equator-ward shift of the dayside polar cusp
position does not conclusively indicate a larger polar cap (i.e., more open

geomagnetic field lines), unless the latitude of the nightside aurora]. oval

also moved simultaneously equator-ward. A time delay of .~- 50 minutes between

the southward turning of the interplanetary magnetic field and the onset of
aibstorms was reported (Arno ld4J, 1971; Foster et al., 1971). Examining all—

sky camera data from nine different stations collected during and after ICY ,
Yop obiev et at. (1976) found that there was a pronounced equator-ward motion
of the entire auroral oval, usually at about 50 minutes before the expansive

phase of the aurora]. substor-m. Thus, the observed equator-ward shift of the

auroral oval, before the subs torm activity, is suggested in association with
the onset of the southward interplanetary magnetic field. Figure 10 illus-

trates that the equator-ward shift of the evening aurora]. oval is related to

• the change of the interplanetary field direction and the onset of the aurora].
motion coincides with the sudden decrease of the B~ component.

The aur-ora]. oval motion near the midnight sector was revealed by a
•

statistical study of the equatorial boundary of the aurora]. electron precip-
itation (Es> 100 eV) detected by ISIS—l and 2 satellites (Kamide arid Winninghcvn,
19??). The equatorial, boundary of the nightside diffuse aurora]. precipitation

• during periods of the southward interplanetary field was observed at lower
latitudes than during the northward inter-planetary field . Table 1 lists the
results on the rate of equator-ward motion as a function of B~ magnitude for
each hour interval of the local time sectors from 20 LT to 04 LT. In general,

the auroral oval moves about O.6~ for each gamma of B~ variation similar to

the latitudinal motion of the dayside polar cusp (Burch, 1973) . From these

observations , we are certain tha t the entire aurora]. oval responds slmulta—

neously and also coherently with the change of the interplanetary magnetic
field direction.
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• TABLE 1

Statistical Variations of the Nightside

Auroral Electron (~ 100 eV) Precipitation
Boundary With the Interplanetary Bz

Component (ICamide and Winningham , 1.977)

Kr intervai *0 
(degree) Correlation Coefficient

20 — 21 0.48 65.8 0.68

21 — 22 0.50 65.7 0.61.
- 

22 — 23 0.49 65.4 0.71

23 — 24 0.46 64.5 0.51

00 — 01 0.74 63.4 0.56

01 — 02 0.76 64.1 0.53
• 

02 — 03 0.63 63.3 0.42

03 — 04 1.38 64.6 0.67

Average 0.60 64.5 0.55

*
0 (B

~
) A

0
+ U B

5

where B~ is in unit of 
gacuna
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VI. DMSP AURORAL OVAL OBSERVATIONS

The problem of one—point determination of the oval location has
been resolved to a signifi cant extent by using the aurora]. imagery technique

Onboard the polar orbiting satellites (Anger et at. 1973; Pi ke and Whalen,
1974) . These instruments provide images of the entire or part of the global
suroral display over the dark polar region once each orbit (of ‘- 100 minutes
or longer ) (Akasofu, 1974; 1976). This simultaneous observation of the
aurora]. oval gives a more definitive “measure” of the polar cap size. Meth-

ode of using global aurora]. displays to examine the variations of the polar
cap in association with the interplanetary field are discussed here. A

straightforward way is to identify the equatorial edge of the auroral oval

F 
at a specific local time interval and then correlate its latitude with the
corresponding interplanetary field condition . Lui (private con~nunication)

used 31 ISIS—2 auroral images to locate the positions of the boundary of
S
. 

diffuse aurora at the 21 !‘fl.T sector and established the relation A(B~) —

65.60 + 0.55 B~ which is very similar to that determined fr om particle
measurements shown in Table 1 (Kamide and Winning ham, 19??) .

Another method is to determine the size of the polar cap from the

global aurora]. picture. Figure 11 is an example of the quiet auroras observed

over the northern polar region by a dawn—dusk DMSP satellite. The ground
pro~jection of this auror-al display is shown on the bottom panel giving a
perspective display which enables us to determine the size of the polar cap.

In order to use them efficiently, we have to define some quantitative repre—

sentations of the global auroral distribution. Ho t~~orth and Meng (197.5)
described a curve fitting procedure for a mathematical representation of the
aurora]. oval. They fitted a seven parameter Fourier Series to the DMSP

aurora]. pictures and introduced two quantitative parameters to indicate the

dynamics of the aurora]. oval, namely the radius of an off—set (from the

geomagnetic pale) circle indicating the size of the auroral oval and the
“center” of this circle indicating the location of the aurora]. oval. Fit-
ting this curve to more than 50 DMSP aurora]. images of bright extended quiet
auroras, Meng at at. (19??) showed that the quiet global discrete auroral

distributions indeed have the shape of an off—centered circle in corrected

geomagnetic latitude and local time coordinates, instead of the expected
oval shape. Figure 12 is an example of the circle fitting of several data

points scaled along the quiet auroral arc in Figure 11. The offset circle

p
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has its center position at 6.06° co—latitude along the 2318 lILT merid ian
- • and a radius of 14.56° co—latitude. It can be seen tha t the observed

extended auroral arc is represented very well by this offset circle. The

average deviation of O.2~ between the scaled auroral locations and the

fitted values is smaller than the errors of scaling and coordinate trans-

formation. Thus, the radius and the center location of a fitted circle

can be used quantitatively to represent variations of the global aurora].

configuration.

Using observations during quiet aurora]. displays, Hoiv.~.’orth and

Rang (1975) found a linear relation between the radius of the aurora]. 
S

circle (i.e., the size of the polar cap) and the hourly averaged magnitude

of the interplanetary B~ component 
(Figure 13). The size of the aurora].

circle (or oval) increases approximately 0.9 degrees of co—latitude for

every 1.0 gamma decrease in B~ 
with a rather small scattering. However,

a much larger scatter occurred when data from a broader range of aurora].

activities were included (Figure 14) . This preliminary result shoved that

the radius of the aurora]. circle varying with values of B~ by

• R 20, 5° — l.25 B~

where R is in units of degree8 of co—latitude and Bz is in ga~~as.

- —-—.-- 
- -S - S



- — 3 2 —

VII. EFFECTS OF THE B,
~~ 

B~ COMPONENTS

The importance of the B~ component in the energy transfer process from
the interplanetary space into the magnetosphere was emphasized in the simplified
2—d imensional field line reconnection model proposed by Dungey ( ‘1961) . However,

the presence of the Bx and B~ components of the interplanetary magnetic field

has been generally ignored in the earlier studies until the recent theoretical
considerations of the three dimensional reconnection (Cowley, 1973; Stern, 1973;
Gonzalez and Mozer, 1974; and Mozer et cii., 1974). Figure 15 illustrates the

qualitative interaction of the geomagnetic field with an assumed purely dusk to

dawn uniform interplanetary magnetic field (Cowley , 1973). The diagram repre-

sents the field configuration in the dusk—dawn meridian plane viewed from the

sun, the neutral points located in the morning side of the northern hemisphere

and in the evening side of southern hemisphere, respectively. The orientation

of the reconnection line which traces out the location of the field line merging

coincides with the intersection between the magnetopause and the ecliptic plane

when the interplanetary field is purely southward. However, the reconnection
S line n~ longer has this simple geometry in the presence of the B~ component. Its

orientation is highly dependent on the B~ direction of the imposed interplanetary

field. Figure 16 illustrates two orientations of the reconnection line (LL’)

viewed from the sun to the magnetosphere in a pure dawn to dusk (By > 0) and pure

dusk to dawn (B~ < 0) interplanetary magnetic field (Mozer at al., 1974), The

reconnection with the By component of the interplanetary magnetic field causes a

displacement of the entire polar cap toward dawn (or dusk) in the northern hemi-

sphere and toward dusk (or dawn) in the southern hemisphere when By > 0 (or By <
0) as discussed by Stern (1973), Gonzalez and Mozer (1974), and Mozer at cii. (1974).
Figure 17 shows the distribution of the electric field equipotentials (solid lines)

and the nortjiern polar cap boundary (dashed circle) based on an open magnetospheric

model calculated by Stern (19 73) . Diagram (a) corresponds to a condition of the

pure dawn to dusk interplanetary field (By > 0), (b) By > 0 as well as B~ < 0 con-

dition, (c) B~ >0, B~ < 0 and B~ < 0 condition, and (d) By> 0, B~ < 0 and B~~> 0

condition. The effects of the different interplanetary magnetic field orientations

on the northern polar cap are clearly shown . A positive interplanetary B~ field

caused a dawnward shift of the entire polar cap, the positive Bz produced a small

polar cap and a negative B
~ 
moves the northern polar cap tailward. Gonzalez and

Noser (1974) also concluded that the northern (southern) polar cap should shift

tailward (sunvard) when B
~ 
is negative, whereas for B~~> 0 the opposite 

should occur.

~ 
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Displacements of the polar cap can be determined from the center location

of the aurora]. circle fitted to the DMSP aurora]. pictures. A preliminary examination

of the many aurora]. pictures revealed indications of the shift of the entire polar

cap under different interplanetary B~ and By directions. Figure 18 shows the center

locations of the auroral displays observed over both northern and southern polar

regions with the corresponding hourly interplanetary field B~ is negative and dawn—

ward when B~~> 0. This trend is in agreement with the theoretical considerations

of Stern (1973) and Gonzalez and Moser (1974) .  Over the southern polar cap, there

is no clear trend between these two parameters. Figur e 19 illustrates the relation
between the centers of the aurora]. displays and the values of the interplanetary

Bx component. In the northern polar region, the polar cap moved tailward when B,~
was positive and sunward for negative B

~
. In the southern polar cap a tailvard

shift was also detected when B~ 
was negative. The trends of the polar cap die—

placements with B~ 
component of the interplanetary fields are exactly opposite to

the directions expected from the theoretical models.
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VIII. SU~*(ART

Based on various type. of satellite, ground—based and airborne

observations, there is no doubt that the configuration of the polar cap is
sensitive to the orientation of the interplanetary magnetic field . Its

north—south component controls the size of the polar cap, and its B~ and By
components affect the orientation (i.e., location of the center of the
fitted circles) of the polar cap. Table 2 summarizes the variation of the

polar cap size with the north—south componen t of the interplanetary field .
The rate of the oval size varies from about 0.5 degrees to more than 1

degree per one gamma of B2 change. This difference among observations may

be attributed to the utilization of different definitions in averaging the

interplanetary magnetic field . For example, Burch (1973) averaged B
~ 
data

over a time interval of 45 minutes prior to the observation of the polar

cusp crossing ; whereas Holm~.’orth and Meng (2975) as well as the Figure 14
- in this article used the hourly averaged values given by the National Space

Science Data en ’s Interplanetary Magnetic Field Data Book at the time

of the DMSP aurora]. oval observation. Refined studies are certainly needed

for obtaining a more consistent and precise rate of change. The motions of
polar cap expansion and contraction as well as the response time of the

magnetosphere to the southward and northward turnings of the interplanetary

magnetic field were examined . In general, the motion of the aurora]. oval

starts about 10 to 30 minutes after the turning of the interplanetary magnetic

• field , and a speed of the motion of .— 0.1° in latitude per minute is obtained.

These quantitative parameters are essential in any detailed modelling of inter-

action and energy transfer processes between the solar wind and the magneto—

sphere. More systematic and detailed observations of these quantita tive
parameters are needed in the future.

The responses of the magnetosphere to the Lh and B7 components of
the interplanetary field have been sparsely studied. Most of the earlier

studies of the B7 component effect were concerned with the polar cap electr ic

field distribution instead of the polar cap configuration. The 014SF aurora].

pictures reveal tha t the location of the entire aurora]. oval (i.e., the polar

cap) changes with the interplanetary magnetic field . Table 3 summarizes the

orientations of the oval shift compared with the expected changes from theo-

retical considerations. Over the northern polar region, the stir-oral oval
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moved towardS the dawn side (duskside) when the interplanetary magnetic field
had a positive (nega tive) B7 component. These motions of the polar cap are

in agreement with the mode]. calculations (Stern, lg73
~ 

Gonza~ez and Mozer,
19?4) . Over the southern polar region, the direction of the oval motion

vu not conclusive from this set of DMSP data.

The effect of the interplanetary field B~ component was also examined.

Over the northern hemisphere, the polar cap moves sunward when the inter-plane-

tary field is pointing away from the Sun (B~ < 0) and tailward for a positive

1~ direction. The observations over the southern polar- cap shows a tailvard

shift while B,~ is negative. These variations of the polar cap orientation

— 
(i.e., the location) with the interplanetary field Bx component do not agree

with directions expected in model calculations of Stern (1973) and Gonzalez
o~d Mozer (1974). Since the B

~ 
variation discussed here is only a preliminary

result and also the first such observation, it is not clear yet whether the

three dimensional interaction models referenced above should be modified.

From this review, it is rather clear that in order to under-stand the three
S 

dimensional interaction between the solar wind and the magnetosphere, especially

the energy transfer process, further studies of the quantitative relation of

the polar region responses to the variations of the interplanetary magnetic

field are needed. The effect of the interplanetary Bx and B7 components to

the magnetosphere requires special attention.
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FIGURE CAPTIONS

FIGURE 1 The latudinal location of polar cusp as a function of the time span
following sharp onsets of southward interplanetary magnetic field.

hA is the difference between the latitude of the observed lover S

boundary of polar cusp and the expected boundary. The average
southward component of the interplanetary magnetic field between

- the onset of southward field and the observation is given for
S 

each point , together with the ratio of southward flux eroded into
the tail to the flux brought to the front of the magnetosphere

(lurch, S. L.,: 1972, J. Geophys. Rca., 77,, 6696).

FIGURE 2 Locations of the polevard (circles) and equatorward (dots) boundaries

of dayside cusp electron precipitation f or 45 minute B averages.

(Burch, J. L.,: 1973, Radio Sc-i., 8,, 956).

FIGURE 3 DMSP auroral picture (in negative) of the dayside (bottom) and
midnight auroral display. Note the discontinuity of the auroral

oval (gap) between 09 MLT and 12 ~fl.T near the noon meridian.
(Courtesy of B. S. Dandekar).

FIGURE 4 The dependence of the corrected geomagnetic latitude of the center

of the midday auroral gap (or of the ray structure) with the inter—

• planetary B
~ 
component. The least equare straight line was fitted

to data for negative values of IMP B . The B are hourly values

at about 45 minutes before the auroral observation. (Courtesy of

B. S. Dandekar) .

FIGURE 5 Example of polar cusp motion observed by ISIS—2 satellite. Both

poleward and equator-ward boundaries of the cusp are shown. Note

the latitudinal variations of the cusp between successive orbits.

(Yasuhara , F., Akasc-fu , S. — I . ,  Winningham , 3. D , ,  and Heikkila ,

V. 3.: 1973, J. Ceophys. Re-a., 78, 7286).

FIGURE 6 Location of the equatorward boundary of polar cusp electron

precipitation. The data are divided into quiet periods and
substorm t imes depending on the magnetic condition of the time
when the cusp was observed, Note the clear separation between
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quiet and substorm subgroups. (Kamide, ‘1., lurch, 3. L.,
Winninghani , 3. 0., and Akasofu, S.—I.,: 1976, J. Geophya. Re-a.,
81, 698) . -

FIGURE 7 Interplanetary magnetic field north—south direction and the

latitude of the equatorward boundary of the dayside F layer
irregularity zone (FLIZ). Note the poleward motion of FLIZ

near 03 UT and the equatorward motion near 0830 UT , in associ—
• ation with nor thward and southward tt~rnings of the IMF, respec—

tive]y. (Pike, C. P., Meng , C.—I., Akasofu, S.—I., and Whalen,
.7. A.,: 1974, J. Geophys. Re-s., 79, 5129).

FIGURE 8 Location of the dayside aurora observed at the south pole station
together with the IMY B component and AZ index . Note the close

relation between latitudinal variations of the dayside aurora and
the variations of the B component. (Horwitz, 3. L., and Akasofu,

S. —I.,: 1977, J .  Geophys .  Re-s., 82, 2723).

FIGURE 9 Exponential curve fitting qf X(t) (see text) to the observed
motions of the e.quatorward auroral boundary. The exponential

response time constant T is about 14 to 21 minutes . (Horwitz,
3. L., and Akasofu, S.—I,,: 1977, J. Geophys. Re-s., 82, 2723).

FIGURE 10 Auroral oval dynamics and the IMP B~ 
variations . The auroral

dynamics were obtained from the ground—based all—sky camera

data from Cape Cheluskin. Note the equator-ward motion of the

oval between 19 and 20 LT with association with a sharp south-
ward turning of IMP near 19 LT. (Vorobjev , V. C., Starkov,

C. V., and Feldstein, Y. I.,: 1976, Planet Space Sci., 24, 955) .

FIGURE 11 An example of the quiet global auroral distribution from DMSP

observations. The lower panel illustrates its ground projection

shoving the extent of the auroral display.

FIGURE 12 Auroral—circie fitting of the example shown in Figure 11 (see

text). (Meug, C. —I., Holzwor th, R. H , and Akasofu, S.—I. :

1977 , J. Geophye. Rca.., 82, 164).
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FIGURE 13 Variation of the quiet auroral circle size and the simultaneous 
S

hourly D~ B2 values. A linear relation between the size of the 
S

auroral circle and the north—south IMP component is clearly

illustrated. (Holzvorth, a. a., and Meng, C,—I.,: 1975, J. Geophys. 
S

Rae. Lett., 2, 377) .

FIGURE 14 Preliminary result of the auroral oval size and the hourly
D~~~

’ B~ component.

FIGURE 15 Magnetic field line configuration in the Y—Z plane under a

uniform dusk to dawn interplanetary magnetic field. Note the

locations of the neutral “points”. (Cowley, S. V. H.,: 1973,
Radzo Sci., 8, 903).

FIGURE 16 Configuration of the reconnection line under two assumed uniform
S interplanetary magnetic fields, as viewed from the sun to the

S magnetosphere. The solid lines are interplanetary magnetic field

lines, the dashed lines are terrestrial magnetic field lines on

the magnetopause, line LL’ is the reconnection line, and the white

arrows indicate the direction of the post reconnection flows.

Q%ozer, F. S., Gonzalez, U. 0., Bogott, R., Kelley, M. C., and
Schultz, S.,: 1974, J. Gsophy a. Re-a., 79,, 56).

FIGURE 17 Calculated .quipotentials for an open magnetospheric model. The

polar cap boundary is marked by dashed lines. (a) Correspond s to a S

uniform dawn to dusk IMP; (b) for By > 0 and B < 0; (c) By > 0,

I -C 0, 1 < 0 and (d) for B > 0, B -C 0, B > 0. Note the
x z y x z
displacement of the dashed circle from the origin for B, B ± 0

couditions and changes of circle size due to B
~ 
variations (see

tsxt) . (Ste-vu, D. P.,: 1973, J. Geop hys . Re-s., 78, 7292).

FIGURE 18 Dawn—dusk displacement of the auroral oval in association with the

IMP I~ component . Only the y coordinates of the center of auroral

circu s fitted to some DMSP auroral pictures are shown. A trend
- 
of dusk shift of auroral oval with By < 0, and dawn shift with

0 La observed over the northern polar region. A detailed

analysi, is in progress , 
S S
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FIGURE 19 Sunward—tailvard displacement of the auroral oval with variations

of the DIP B
~ 

component . Tailvard shift of the northern oval with

B > 0 and sunward shift of the northern oval with B -C 0 are
z x
observed. Over the southern polar region, a tailward shift of

auroral oval with B,~ -C 0 may also exist. These are the preliminary

results from a limited data set. The analysis is still in progress.
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This list speaks for the effort which we put into this project

as well as the quantity and quality of the results produced under this

contract. Reprints or preprints are available to interested parties by

contacting the following add ressee :

Dr. Ching —I. Meng
Space Physics and Instrumentation Group
Applied Physics Laboratory
Johns Hopkins University
Laurel, Maryland 20810
Telephone: (301) 953—7100 ext. 682

Among these results, a paper on the auroral circle published
in the January 1977 issue of the Journal of Geophysical Research was
selected as the feature topic in Space Sciences by The Science News in

their February 1977 issue under the title Earth’s Auroral Tiara. The

news clipping of this article is attached . 
S

1 . _ _ _ _ _ _  _ _  

5

a- - 

as F

- — — ——   - -~~~~~~~— 5_S.- ~~~~~~~~~~~~ - -
— - S - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -5- 5- _S ~~~~~~~~5 

~~~~~~ _~~~~~~ _ _ _~~~~~~~~~~~~~ _~~~~~~~~_



__ - - -- ---S.-~~~~~~~~~~~~ - - -—5 - - -  _ _ _ _ _ _ _ _ _ _

- 
— 65 —

From Science News, Vol. III, p. 106, February, 1977.

_  

L

SPACE SCUENCES
S Earth ’s aurora l tiara -

The earth s er own of light . t he band of glowing auroras that
bcdeck-. the Northern Hemisp here seetits more elegant still with
a research team s calcu lation that Ihe pofewaid edge of the band .
rather than being ratidoin or distorted , forms a itear- perfect
circle. S

It is not centered around the geographic norlh pole, fl I)1 even

around t he geoinagfletic pole - More than 50 .~te lItte photos
ShoW itig aurora) ares aloiig portions of the hund s edge , how-

S 
es -er • scent to lit in a p.ii tel it that is itoitet hc less compe l I uigl y
round. The photos . ta ken as purr ol the U . S S  Air I-orce s t)elcnse
Meteorolog ical Sate II ue Proiirain . h a  s-c been anal yicd by ( tti og

Meng and Robert 11. loh,worih of rIte Univers ity ~f Cal ifornta
at Berkeley and Syun Aka~olu of the University of A laska in
Fairbanks -

Prior studies by others. based on eart h-hosed and aircraft
photography, had sugg - sted ot her auroral distrihutiøns such as
an oval. displ~c~d about 3° a long the midnight meridian from

S the dipole asis , or a pair of horseshoes, one on t he day -.~Je
and a larger one ott the ri ght side , accor ding t o the authors.
However the y report in the Jan. I J 0LI KNvt OF GlOPtI t S1 AL

- t he sat~Ilite photos have provided “t he first oppor-
tunity to study the instantaneous distr ibution of auroras over
a large portion til the polar regions. - -

Although the photos do not show the lull 360° of the bell,
a mathematical curve-tit l ing technique reported two years ago
by l-I*diworth and Meng has been used to lit the partial arcs
to c losed 1oops. Three d ithere nt stati s t ica l anal yses indicate that
a circle is a good lii . or at k.ist that t lie ratio between lil a ~or
and minor us es i s a nearl y round 1) 995 (1 (X ~4 - The centers
of the j uroral ~ircks implied by the arcs in the photos seem
to be concentrated in a circular area about (.° acr oss , centered
about 4 2 °  away front the geom agnetic pole in the direction
ol a meridian defined us (X )l 5 - ‘d ipole-nragiierme local time ”
The radii of the circles fall in the range of about I9°~ 5°.
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